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$EVWUDFW²Despite the ad-hoc use of TELEMAC 2D to predict 
storm surge over recent years, to-date no coherent effort has 
been made to develop TELEMAC 2D into a useable, off-the-
shelf, storm surge model released via the openTELEMAC 
website.  This has motivated the work presented here in 
which two distinct parametric wind models and a large 
variety of drag laws have been introduced into 
TELEMAC2D.  The ability to read both time and space 
varying wind and rain data is also added.  The resulting 
numerical model is particularly powerful as it  can be 
combined with the existing, curve number-based, rainfall 
runoff model in TELEMAC in order to provide storm tide 
simulations that parameterize the effects of hurricane wind, 
tide, shortwaves (via the spectral wave model TOMAWAC), 
rainfall and runoff.  In order to validate the model in the 
paper we present results for the forecast mode simulation of 
the surge due to a number of recent  hurricanes in both 
Puerto Rico and South Florida.  The South Florida model 
includes street level flooding around the City of Miami 
Beach.
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7KH7(/(0$& 'PRGHO KDV SUHYLRXVO\ EHHQ XVHG WR
VLPXODWHVWRUPVXUJHVVHHIRUH[DPSOHWKHZRUNSUHVHQWHGLQ




VWRUP DQG FRPELQHG VWRUP WLGH PRGHOOLQJ XWLOLVLQJ
7(/(0$&'WKLVKDVEHHQXQGHUWDNHQLQDVRPHZKDWDG
KRFPDQQHUDQGWKHFDSDFLW\WRVLPXODWHVWRUPVXUJHVKDVQRW
\HW EHHQ IRUPDOO\ LQFOXGHG ZLWKLQ WKH RSHQ VRXUFH UHOHDVH
YHUVLRQRI7(/(0$&,WLVZLWKWKLVLQPLQGWKDWDFRQFHUWHG
HIIRUWKDVEHHQPDGHWRLQWURGXFHVWDWHRIWKHDUWSDUDPHWULF
ZLQG DQG GUDJ PRGHOV LQWR 7(/(0$&'  7KLV KDV EHHQ
FRPELQHGZLWKWKHDELOLW\WRHPSOR\WLPHDQGVSDFHYDU\LQJ
UDLQGDWDZLWKLQ WKH7(/(0$&'PRGHO 7KH DLPRI WKLV
SDSHU LV WR VHUYH DV D EULHI VXPPDU\ RI WKLV ZRUN  7KH
VWUXFWXUHRIWKHSDSHULVDVIROORZV,Q6HFWLRQ,,ZHRXWOLQHWKH
WZRSDUDPHWULFZLQGPRGHOV WKDW KDYHEHHQ LQWURGXFHG LQWR
7(/(0$&'DQGDOVRSURYLGHDQRYHUYLHZRIVRPHRIWKH
DGGLWLRQDO ZLQG GUDJ IRUPXODWLRQV WKDW KDYH DOVR EHHQ
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7(/(0$& ' KDV EHHQ PRGLILHG WR LQFOXGH WZR
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6/26+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UDGLDOVXUIDFHSUHVVXUHSURILOHJLYLQJWKHVXUIDFHSUHVVXUHDV݌௦ ൌ ݌௖௦ ൅ ߂݌௦݁ିቀ௥೘ೢ௥ ቁ್




VSHHG9FDV ௖ܸ ൌ ௠ܸൣߖ݁ሺଵିఅሻ൧଴Ǥହ
ZKHUH ߖ ൌ ቀݎ௠௪ݎ ቁ௕

;;9WK7HOHPDF	0DVFDUHW8VHU&RQIHUHQFH 1RUZLFK8.2FWREHU
9P LV WKHPD[LPXPZLQG VSHHG WKDWPXVW EHSURYLGHG LQ DKXUULFDQHWUDFNILOH2WKHUSDUDPHWHUVWKDWPXVWEHSURYLGHG
LQ WKH VDPH KXUULFDQH WUDFN ILOH DUH WKH FHQWUH ORFWLRQ WKH















VWRUP XVLQJ WKH EDODQFH RI IRUFHV DORQJ D VXUIDFH ZLQG
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HPSOR\HGLQWKH6/26+PRGHODQGXVHVWKHIROORZLQJZLQG
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LQWURGXFHG GUDJ PRGHOV WKDW KDYH EHHQ FRGHG LV RXWOLQHG
EHORZ7KHPRGHOVDUHGHILQHGLQWHUPVRIWKHPQHXWUDO
YDOXHVIRUWKHGUDJFRHIILFLHQW&
*DUUDWW 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$ QXPEHU RI WKH EDVH 7(/(0$&' VXEURXWLQHV ZHUH
PRGLILHG LQ RUGHU WR DOORZ IRU WKH LQFOXVLRQ RI WKHVH WZR
SDUDPHWULF KXUULFDQH ZLQG DQG SUHVVXUH PRGHOV  1HZ
VXEURXWLQHVDQGIXQFWLRQVZHUHDOVRLQWURGXFHGDEULHIOLVWRI
VRPHRIWKHNH\VXEURXWLQHVWKDWZHUHPRGLILHGDQGWKHQHZO\
LQWURGXFHG VXEURXWLQHV LV SURYLGHG EHORZ  )RU UHDVRQV RI
EUHYLW\LWLVQRWSRVVLEOHWRGHWDLODOOWKHUHTXLVLWHPRGLILFDWLRQV
RU QHZ URXWLQHV KHUH  ,Q 7(/(0$&' WKH 0(7(2I
VXEURXWLQH LV WKHSODFHZKHUH H[WHUQDO DWPRVSKHULFSUHVVXUH
DQG ZLQG IRUFLQJ DUH KDQGOHG  7KLV VXEURXWLQH KDV EHHQ
PRGLILHGWRLQFOXGHWKHDELOLW\WRUHDGDKXUULFDQHWUDFNILOH
YLD D QHZ VXEURXWLQH FDOOHG 6/26+'$7I DQG PDNH WKH
UHTXLVLWH FDOOV WR HQDEOH WKH SDUDPHWULF ZLQG ILHOG WR EH
FRPSXWHG YLD FDOOV WR HLWKHU 6/26+:,1'),(/'I IRU
00 RU +2//$1':,1'),(/'I IRU + ZKLFK DUH
ERWKFDOOHGIURP6/26+'$7I7KHHIIHFWRIZLQGH[WLQFWLRQ
LVDOVRLQFOXGHGLQ0(7(2I
,Q 7(/(0$&' WKH ZLQG IRUFLQJ LV LQFOXGHG YLD WKH













WKH WH[WEHORZ  ,W VKRXOGEHQRWHG WKDW LW LVHQYLVDJHG WKDW










 3DUDPHWULF KXUULFDQH ZLQG PRGHO  7ZR SDUDPHWULF
KXUULFDQHZLQGPRGHOVDUHDYDLDEOH$+ROODQGPRGHO
RU %0\HUV 	0DONLQ  DOVR NQRZQ DV WKH 6/26+
ZLQGSDUDPHWULFZLQGPRGHO
7KH NH\ZRUG +855,&$1( 75$&. ),/( KDV EHHQ
LQWURGXFHG 7KLV LV WKH KXUULFDQH WUDFN ILOH WKDW LV XVHG WR
JHQHUDWHWKHKXUULFDQHZLQGILHOGLQWHUQDOO\
7KHNH\ZRUG+855,&$1((;7,1&7,21'(37+KDVEHHQ
LQWURGXFHG 7KLV LV WKH H[WLQFWLRQGHSWK LQP )RUZDWHU
VKDOORZHU WKDQ WKLV GHSWK WKH ZLQG GRHV QRW LPSDFW WKH
K\GURG\QPDPLFV












LQWURGXFHG  7KH DPRXQW E\ ZKLFK WR RIIVHW DOO WKH WUDFN
DEVFLVVDH
7KHNH\ZRUG+855,&$1(3$7+2))6(7<',5KDVEHHQ











LQWURGXFHG  ,QFOXGH WKH LQYHUWHG EDURPHWHU HIIHFW LQ WKH
FDOFXODWLRQ 7KLV LVDSDUDPHWHUL]DWLRQRI WKHDGMXVWPHQWRI
VHDOHYHOGXHWRFKDQJHVLQEDURPHWULFSUHVVXUH$GHFUHDVHLQ
EDURPHWULFSUHVVXUHRIPEFRUUHVSRQGVWRDIDOOLQVHDOHYHO
RI  P  $W WKH WLPH RI WKLV SDSHU WKLV LV QRW IXOO\




,Q WKH ILUVW DSSOLFDWLRQ RI WKHPRGHOZH SUHVHQW WKH UHVXOWV






WKH 6/26+ Y 3XHUWR 5LFR EDVLQ WR JLYH a
FRPSXWDWLRQDOQRGHV)RUWKHEDWK\PHWU\ORFDOWR3XHUWR5LFR
DQG WKH869LUJLQ ,VODQGVFRDVWDO UHJLRQVZHHPSOR\HG
DUFVHFRQG DQG  DUFVHFRQG GLJLWDO HOHYDWLRQ PRGHOV
'(0V GHYHORSHG E\ WKH 86 1DWLRQDO *HRSK\VLFDO 'DWD
&HQWHU 1*'& DQG 12$$ IRU WKH 3DFLILF DQG 0DULQH
(QYLURQPHQWDO /DERUDWRU\ 30(/ DQG WKH12$$&HQWHU





WKH ORRNXS WDEOH RI0DWWRFNV	 )RUEHV >@ WR FRQYHUW WKH
86*6 ODQGFRYHU GDWD LQWR VXLWDEOH 0DQQLQJ¶V Q YDOXHV
)LJXUHVKRZVDFRPSDULVRQRIWKHIUHHVXUIDFHWLPHVHULHV
REWDLQHGXVLQJ7(/(0$&'ZLWK WKH12$$FRRSVGDWD
IRU DOO RI WKH  DYDLODEOH JDXJHV  $ FRPSDULVRQ RI WKH




DQDO\VLV ZLQG GDWD RU D EHWWHU FDOLEUDWHG SDUDPHWULF ZLQG
ILHOG7KHFRQWULEXWLRQRIVKRUWZDYHVSDUDPH\WULVHGYLDXVH













7KH PRGHO JULG FRPSULVHG DSSUR[LPDWHO\ 
FRPSXWDWLRQDO QRGHV a0 HOHPHQWV ZLWK JULG VSDFLQJ
UDQJLQJ IURP 2NP LQ WKH RSHQ RFHDQ GRZQ WR 2P
DURXQGWKHIRFXVDUHD&LW\RI0LDPL%HDFK)LJXUHVKRZV
WKHPRGHOGRPDLQ DQGKXUULFDQH WUDFNV 7KH 6RXWK)ORULGD
:DWHU0DQDJHPHQW'LVWULFW6):0'PGLJLWDOHOHYDWLRQ
PRGHO '(0GDWDZDVXVHG WRGHULYH WKHERWWRPHOHYDWLRQ
RYHU WKH ILQHUHVROXWLRQ PRGHO JULG ZKHUHYHU GDWD ZDV




FRPELQHG WR REWDLQ EDWK\PHWULF GDWD IRU WKH PRGHO JULG
5DLQIDOOGDWDIRUWKHVLPXODWLRQVSUHVHQWHGKHUHZDVREWDLQHG
IURPWKH12$$,QWHJUDWHG0XOWLVDWHOOLWH5HWULHYDOVIRU*30
,0(5* SUHFLSLWDWLRQ SURGXFW >@ 7KH ,0(5* GDWD LV
FUHDWHG E\ LQWHUFDOLEUDWLQJ PHUJLQJ DQG LQWHUSRODWLQJ DOO
DYDLODEOHVDWHOOLWHPLFURZDYHSUHFLSLWDWLRQHVWLPDWHVWRJHWKHU
ZLWKPLFURZDYHFDOLEUDWHGLQIUDUHG,5VDWHOOLWHHVWLPDWHV>@
:LQG ILHOGV ZHUH FUHDWHG YLD WKH DV\PPWHULF + PRGHO
HPSOR\LQJ EHVW WUDFN GDWD FUHDWHG E\ H[SHUWV DW WKH
,QWHUQDWLRQDO+XUULFDQH5HVHDUFK&HQWHU0LDPL,Q)LJXUH
ZHSUHVHQWWLPHVHULHVUHVXOWVDW9LUJLQLD.H\LQ%LVFDQH%D\










EDWK\PHWULF UHSUHVHQWDWLRQ PRUHRYHU WKH PHVK UHVROXWLRQ
ZDVKLJKHVW DURXQG WKH&LW\RI0LDPL%HDFKZLWK WKHJULG
UHVROXWLRQ EHLQJ P LQ WKLV DUHD  )LJXUH  LOOXVWUDWHV
FRPSDULVRQVRIWKHVLPXODWHGDQGREVHUYHGIUHHVXUIDFHWLPH
VHULHV  7KH DJUHHPHQW EHWZHHQ WKH PRGHOOHG UHVXOWV DQG
REVHUYDWLRQV LV UHDVRQDEOH  *RRG UHVXOWV DUH REWDLQHG IRU
KXUULFDQHV:LOPDDQG,UPDIRUZKLFKZHKDG
WKHEHVW WUDFNGDWD  ,W VKRXOGEHQRWHG WKDW WKHXVHRIPRUH
DFFXUDWH UHDQDO\VLV ZLQG GDWD DORQJVLGH WKH ILQH WXQLQJ RI
EDWK\PHWU\ DQG IULFWLRQ FRHIILFLHQWV FDQ EH H[SHFWHG WR
LPSURYHWKHUHVXOWVKRZHYHUWKLVZRXOGUHVXOWLQDKLQGFDVW
PRGHVLPXODWLRQ)LJXUHVKRZVDQH[DPSOHRIWKHFRPELQHG
PD[LPXP VXUJH DQG VWUHHW OHYHO IORRGLQJ DURXQG WKH1RUWK



























)ORULGD 'HSDUWPHQW RI (PHUJHQF\ 0DQDJHPHQW DQG :)
%DLUG DQG $VVRFLDWHV /WG  7KH DXWKRUV DNQRZOHGJH WKH
DVVLVWDQFH RI 0U <DKLD .DOD :) %DLUG 	 $VVRFV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UHWULHYDOVIRU*30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DQG7500PXOWLVDWHOOLWH
SUHFLSLWDWLRQDQDO\VLV703$PRQWKO\SUHFLSLWDWLRQ
SURGXFWVLQLWLDOUHVXOWV-RXUQDORI+\GURPHWHRURORJ\
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>@ 0DWWRFNV&)RUEHV&$UHDOWLPHHYHQW
WULJJHUHGVWRUPVXUJHIRUHFDVWLQJV\VWHPIRUWKHVWDWHRI
1RUWK&DUROLQD2FHDQ0RGHOOLQJ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>@ 0\HUV9	0DONLQ:6RPH3URSHUWLHVRI
+XUULFDQH:LQG)LHOGVDV'HGXFHGIURP7UDMHFWRULHV
1DWLRQDO+XUULFDQH5HVHDUFK3URMHFW5HSRUW1R
>@ 3HQJ6/L<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FRHIILFLHQWIRUVWRUPVXUJHVLPXODWLRQLQWKH6RXWK
&KLQD6HD6FL5HS

;;9WK7HOHPDF	0DVFDUHW8VHU&RQIHUHQFH 1RUZLFK8.2FWREHU
>@ 3RZHOO0')LQDO5HSRUWWRWKH1DWLRQDO
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